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Classification and Identification of Cultivars in Japanese Apricot (Prunus mume 
Sieb. et Zucc.) Based on Quantitative Evaluation of Morphological Features of Stone 
Hideaki YAEGAKI, Hiroyoshi lwATA, Takashi HAJJ, Yuko SuESADA, Masami YAMAGUCHI 
Department of Breeding, National Institute of Fruit Tree Science 
National Agriculture and Bio-oriented Research Organization 
Tsukuba, lbaraki 305-8605, Japan 
Summary 
We quantitatively evaluated the shape and size variations of stones of Japanese and Chinese cultivars of 
Japanese apricot (Prunus mume Sieb. et Zucc.). We also examined ways of identifying cultivars based on 
quantitative evaluations of the stone shape and size. Stones were photographed from two directions, i.e., lateral 
side and front side, and the contours of the stones were extracted by image analysis and delineated by eliptic 
Fourier descriptors. Principal component analysis of the descriptors was conducted, and the scores of the 
components were used as shape characteristics. Regarding size, we measured height, width and thickness of the 
stones by digital caliper, and the products and ratios of these measurements were used as size characteristics. 
Using the Ward's cluster analysis based on these characteristics, 64 samples, which consisted of Japanese and 
Chinese cultivars/selections, were classified into seven groups. Four samples from the two Chinese cultivars 
were al classified into one group (A), and the 60 Japanese cultivars/selections were classified into the remaining 
groups (B-G). Using support vector machines, a model was constructed to classify a stone into one of the seven 
groups based on the shape and size characteristics. The model was applied to stones extracted from 50 ume-boshi 
(pickled mume) products sold on the Japanese market. As a result, 31 products labeled as made from Chinese 
cultivars were al classified into group A. Over 60% of the 19 products labeled as made from fruit of cultivars of 
Japanese origin were assigned to one of the remaining groups (B-G). The results suggested that the method 
presented here may allow us to distinguish stones of Chinese cultivars from Japanese ones and to detect 
mislabeling of the country of origin. 
Key words: Japanese apricot, cultivar discrimination, stone shape, image analysis, elliptic Fourier 
descriptors, principal component analysis, support vector machine 
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Fig. 1. Shape of Japanese apricot stone. 

































































































Table 1. Eigenvalues and proportion of principal components of eliptic Fourier descriptors for lateral and front sides of stones (see text). 
Lateral side Front side 
Component Eigenvalue z Proportion Y (%) Cumulative proportion(%) Eigenvalue z Proportion Y (%) Cumulative proportion(%) 
1 264.66 64.91 * 64.91 577.30 73.83* 73.83 
2 34.43 8.44* 73.35 100.00 12.79* 86.62 
3 22.25 5.46* 78.81 20.65 2.64* 89.26 
4 17.24 4.23* 83.04 15.75 2.01* 91.27 
5 12.36 3.03* 86.07 9.15 1.17 92.44 
6 8.21 2.01* 88.08 8.40 1.07 93.52 
7 5.79 1.42* 89.50 6.40 0.82 94.34 
8 4.26 1.05 90.55 5.55 0.71 95.05 ， 3.92 0.96 91.51 4.63 0.59 95.64 
10 3.21 0.79 92.30 3.01 0.39 96.02 
Total vanance 407.74 781.93 
2Read eigenvalues as xx 10-5. 
YPrincipal components whose proportions were larger than 1/77 (= 1.30%) are denoted by asterisks. 
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Fig. 2. Variation in shape which can be estimated by each principal component. Each shape was reconstructed from the coefficients 
calculated by letting the score for the standerd deviation, and the scores for the remaining components be zero (PCl-5: the 
1st to 5th principal components). 
1st and 2nd principal components (PCl and PC2) are good measures of height to width/thickness ratio, the position of the center 
of gravity, respectively. 





















Table 2. Analysis of variance in one-way classification with factor 
of cultivars/selections for components of shape and size 
characteristics of stones. 
Shape and size Mean of Squares 
characteristics Between samples Within samples F value p 
LSPCl 0.0445 0.0141 28.90 <.0001 
LSPC2 0.0076 0.0035 19.74 <.0001 
LSPC3 0.0067 0.0050 12.11 <.0001 
LSPC4 0.0044 0.0026 15.85 <.0001 
LSPC5 0.0040 0.0033 10.84 <.0001 
LSPC6 0.0030 0.0032 8.53 <.0001 
LSPC7 0.0028 0.0057 4.40 <.0001 
FSPCl 0.1089 0.0402 24.76 <.0001 
FSPC2 0.0133 0.0031 38.84 <.0001 
FSPC3 0.0068 0.0061 10.20 <.0001 
FSPC4 0.0098 0.0719 1.24 0.105 
HXW 86763 7204 110.11 <.0001 
HXT 58014 7259 73.06 <.0001 
WXT 35989 4185 78.62 <.0001 
HXWXT 38410602 4614589 76.10 <.0001 
H八N 0.1863 0.0570 29.86 <.0001 
HIT 0.7591 0.2925 23.72 <.0001 
W/f 0.2776 0.1268 20.02 <.0001 
LSPCl-7 : 1-7 principal components of lateral side 
FSPCl-4: 1-4 principal components of front side 
H: Height 
W:Width 






















































Tamaume x Koushusa,shou 





























Fig. 3. Cluster analysis by Ward method based on quantitative 
evaluation of morphological features of stone. 
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Tamaurne X Koushuusaishou 
Tougorou 
Ume Tsukuba 3 
Ume Tsukuba 7 
Ume Tsukuba 8 








Cultivars/selections in which no significant difference was found with the cultivars/selections in the left column 
Nothing 
Fujiedatankoubai, Fujinoume, Hachirou, Inazumi, Juurou, Ka切ouuchidaume,Muroya, shuukou, Tamaume 
Shirokaga (Fujimoto), Ume Tsukuba 8 
Ishikawaoomiume 
Fujiedatankoubai 
Benisashi, Bungo X Koushuuoujuku, Inazumi, Juurou, Muroya, Shuukou 
Hachirou, Inazumi, Jizouume, Juurou, Benisashi, Muroya, Tamaume X Koushuusaishou 
Nothing 
Kensaki, Ume Tsukuba 3 
Gyokuei 
Gyokuei, Shirokaga (Chiyoda) 
Gessekai, Gojirou, Shirokaga (Chiyoda) 
Benisashi, Fujinoume, Muroya 
Shimosukeume, Taishouume 
Nothing 
Benisashi, Fujiedatankoubai, Fujinoume,Jizouume,Juurou, Kairyouuchidaume, Muroya, Naniwa, Shuukou, Sugita 
Sugita 
Bungo-Kurume 
Fuimoume, Inazumi, Juurou, Shuukou, Tamaume 
Nothing 
Benisashi, Fujiedatankoubai, Fujinoume, Inazumi, Jizouume, Muroya, Tamaume 
Nankou (Chiyoda), Sugita 
Benisashi, Inazumi 
Gecchibai, Ume Tsukuba 3 
Nothing 
Koushuusaishou 
Koushuusaishou, Koushuushinkou, Ryuukyoukoume 
Koushuuoujuku, Koume 
Koushuuoujuku 
Benisashi, Fujiedatankoubai, Fujinoume, Hachirou, Inazumi, Juurou, Shuukou 
Naniwa 
Kagajizou, Nankou (Fujimoto) 
Nankou (Chiyoda) 
Shimosukeume 








Bungo-Hiratsuka, Ume Tsukuba 8 
Benisashi, Fujiedatankoubai, Inazumi, Jizouume, Muroya 





Ume Tsukuba 3 
Benisashi, Jozouume, Juurou 
Fujinoume 
Ume Tsukuba3 
Gecchibai, Kensaki, Takadaume, Tougorou 
Nothing 
















Table 4. Classification of Japanese apricot cultivars/selections by cluster analysis. 
Cultivars/selections 
Baifenmei (A), Baifenmei (B), Qingzhumei (A), Qingzhumei (B) 
Koume, Koushuuoujuku, Koushuusaishou, Koushuushinkou, Orihime, Ryuukyoukoume, Ume Tsukuba 9 
Bungo-Hiratsuka, Sumomoume, Suzukishiro, Taihei 
Bungo-Kurume, Futono, Hanakami, !hara, Ishikawaoomiume, Joshuushiro, Kichirobei, Seiyoubai, 
Taishouume, Ume Tsukuba 8, Yourou 
Baigou, Gessekai, Gojirou, Gyokuei, Oushuku, Shirokaga (Chiyoda), Shirokaga (Fujimoto) 
Ume Tsukuba 7 
Benisashi, BungoXKoushuuoujuku, Fujiedatankoubai, Fujinoume, Gecchibai, Hachirou, Inazum,, 
Jizouume, Juurou, Kensaki, Muroya, Naniwa, Rinshuu, Shuukou, Tamaume, 
TamaumeXKoushuusaishou, Tougorou, Ume Tsukuba 3, Yakushiume, Youseiume 
Inkyo, Kagajizou, Kairyouuchidaume, Nankou (Chiyoda), Nankou (Fujimoto), Natsuka, 
Shimosukeume, Shit-atamaume, Sugita, Takadaume 
Table 5. Classification of 50 ume-boshi products in domestic markets into seven clusters based on quantitative evaluation of morphological 
features of stone. 
Indication of fruit 
material origin 
? ? ? ? ? ? ?
19 Domestic product 
31 Chinese product 
7 (l)' 
31 
?? ?? ?? ?? 5(2) 
゜
6(1) 

































































































































































date augmentation and a method of predict10n. 
Technometrics 16: 125-127. 
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